At any given time, the alveolar-arterial oxygen partial pressure difference (AaD) may be due to one or more of the three following mechanisms (1-5): 1) failure of pulmonary capillary blood to come to complete equilibrium with alveolar gas; 2) uneven ventilation perfusion ratios; and 3) admixture of venous blood by direct shunting.
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The first mechanism causes the diffusion component of the AaD, relating to diffusion across the alveolar-capillary membrane as well as chemical reaction rates of oxygen with hemoglobin (6, 7) . The second mechanism accounts for the "distribution" component, and the third is spoken of as the "true," "pure," or "anatomical" shunt, or the "direct" venous admixture component.
When the inspired oxygen tension is low, as at high altitude or during breathing of hypoxic mixtures, particularly if either condition is combined with exercise, the diffusion component increases, whereas those due to direct venous admixture and to uneven ventilation-perfusion ratios diminish. These changes are used to determine the pulmonary diffusing capacity for oxygen (1) (2) (3) 8) .
On the other hand, breathing 100% oxygen increases the AaD due to direct venous-arterial shunting, and virtually eliminates all other components (9) .
The role of diffusion impairment in the causation of arterial hypoxemia has been recently reevaluated ( 10), and a number of newer approaches have permitted a more precise definition of the distribution of ventilation-perfusion ratios and of its importance in gas exchange (11) (12) (13) (14) (15) incidence and magnitude of increased "direct" venous admixture in pulmonary disease (10, (16) (17) (18) (19) . The paucity of such reports has probably been due to the lack of practical techniques for the accurate measurement of blood oxygen tension at high levels. This paper has two purposes. The first is to report on the size and composition of the AaD, measured during air and during oxygen breathing in 6 normal subjects, 15 patients with pullmonary emphysema, 14 with diffuse alveolar-capillary disease, and 12 markedly obese patients. The second is to present conclusions, derived from these results, on the role of "true" shunt in the pathogenesis of arterial hypoxemia in these patients.
METHODS
Patients. Three groups of patients and one of normal controls were examined. Group I consisted of 15 patients with clinical, X-ray, and laboratory findings of obstructive pulmonary emphysema. Group II comprised 14 patients with pulmonary diseases that appeared to involve primarily the alveolar-capillary area. All showed X-ray evidence of diffuse pulmonary infiltration or fibrosis and mild to severe impairment of lung function, including restriction of the vital capacity without spirographic evidence of airway obstructive disease, and lowering of resting arterial blood Po2 with a normal or low Pco,. The etiologic diagnoses, confirmed by lung or lymph node biopsy in four patients and by bacteriologic examination in two were: sarcoidosis (seven patients), tuberculosis (two), disseminated lupus erythematosus (one), pulmonary alveolar proteinosis (one), Hand-Schuller-Christian disease (one), and undetermined causes (two). Group III was composed of 12 obese patients who otherwise demonstrated no evidence of cardiopulmonary disease. Their mean body weight was 112 kg; mean height, 170 cm; and mean body surface area, 2.22 m2. The normal controls were healthy male and female laboratory personnel and student nurses, ranging in age from 18 to 34 years.
Procedure and calculations. The subjects, resting and recumbent, with a noseclip applied, breathed through a tightly fitting rubber mouthpiece attached to a two-way plastic valve having a dead space of 40 ml. Arterial blood and expired gas were sampled simultaneously during a 507 period of room air breathing, and again after the subjects had breathed nearly pure oxygen, delivered on demand, usually for 20 to 30 minutes, but always for at least 10 minutes. The air and oxygen studies were performed within 1 hour.
Expired ventilation was recorded on a Tissot spirometer. Inspired and expired gases were analyzed for oxygen and carbon dioxide by the Scholander apparatus (20) , and expired gas nitrogen was measured by the nitrogen meter. Arterial blood carbon dioxide tension (Paco2) was determined by the bubble equilibration technique of Riley, Campbell, and Shepard (21) , or by the electrode of Severinghaus and Bradley (22) . Arterial blood oxygen tension (Paco,) was measured in vivo, or in vitro at 37.50C by a needle electrode (23) ; when applicable, it was also measured by the Riley method (21).
Calculation of venous admixture was based on the equation: OtalQt = (cc -Ca)/(Cc -CV), [1] where Qva/Qt is the venous admixture ratio of the total pulmonary blood flow, and CQ, Ca, and C1 are the oxygen content in pulmonary end-capillary, systemic where SA is the saturation of blood if it were in complete equilibrium with alveolar oxygen. We used this equation, previously discussed elsewhere (24) , to calculate venous admixture during air breathing. The value of SA -SO was assumed to be 25%.
During 100% oxygen breathing, pulmonary endcapillary oxygen tension is that of alveolar gas, and if pulmonary capillary and peripheral arterial blood are both fully saturated, the difference in their oxygen content is due solely to the oxygen in physical solution. Thus Equation 1 becomes: [4] where PA is the "effective" alveolar oxygen tension (2), other symbols are as defined above, and 0.0031 is the solubility coefficient for oxygen in whole blood, expressed as volumes per 100 ml per millimeters Hg of oxygen tension. The denominator was assumed to be 5 volumes per 100 ml. PAo2 was calculated from the equation:
PAo, = PIo2 -(PacO2/PECO2)(PIO°-PEO2), [5] where Pio, is inspired oxygen tension, PEO, is expired oxygen tension, and PECO, is expired C02 tension. Pulmonary diffusing capacity was determined for carbon monoxide by the steady-state, physiologic dead-space method (25) in two patients, and for oxygen (3) in four.
To assess the magnitude of the AaD resulting from atelectasis, we measured it in 15 patients immediately after four deep breaths at the end of the nitrogen washout period. This was prompted by the observations that forcible inflation of the lungs reverses the alveolar closure occurring in anesthetized dogs (26) , and that deeper inspiration raised arterial oxygen tension in hypoxemic obese subjects (27) .
RESULTS
As originally formulated, the concept of venous admixture includes the distribution and direct shunting components of the AaD (1-3), but in this presentation, the term is used to describe the combined effects of all the mechanisms responsible for the AaD, measured at rest during air or oxygen breathing. This usage is justifiable, since under these circumstances, the contribution of diffusion barriers to the AaD is either negligible (10, 28), or, in extreme impairment of diffusion, inseparable from the distribution component (24) .
In six normal subjects (Table I) The values for the component of the air breathing AaD resulting from these estimates of shunt measured on oxygen were calculated by use of the charts of Riley, Cournand, and Donald (3); Figure 1 gives the means for each group of patients and for the control subjects, together with the mean total AaD.
The inspiration of four deep breaths at the end of the nitrogen washout period (Table VI) Accuracy of the methods. The procedures and and on oxygen breathing. When pure oxygen calculations used in this investigation necessitated is breathed and alveolar nitrogen washout com-a number of assumptions and simplifications. pleted, the diffusion and distribution components The effects of these assumptions on the accuracy become negligible and the AaD can then result of the results, and the reliability of the methods in only from 1) direct venous admixture, either general, are discussed below. Table I . 1) The measurement of Pa02 by the needle and PAH2O. All of these errors would combine to electrode is subject to error due to a small flow lead to an overestimation of the AaD by as much artifact, temperature sensitivity, and drift in cur-as 8.5 mm Hg per degree Centigrade in a subject rent output (23) . We attempted to minimize breathing room air (29) , and 38 mm Hg per dethese errors by performing frequent calibrations gree Centigrade in a subject breathing oxygen. of the electrode in gas-equilibrated water sam-Preliminary work by Farhi, Edwards, and Velasples, and by making all in vitro measurements at quez (30) Table I. as one shunt-flow of blood having the same oxygen content as the mixed venous blood entering the pulmonary capillaries. This condition holds in the case of direct pulmonary arteriovenous commiiunications and of blood perfusing alveoli that permit no oxygen transfer, but is only a rough approximnation for other sources of venous admixture. 4) The use of an assumed value for the difference in oxygen content or saturation between blood in equilibrium with alveolar gas and mixed venous blood introduces a source of inaccuracy, 1)ut venous admixture is relatively insensitive to changes in this variable (12, 31) .
5) In the use of data obtained during oxygen breathing to interpret observations made during air breathing, error could arise from neglect of such possible effects of oxygen breathing as a) the tendency of some poorly ventilated alveoli to become atelectatic, b) pulmonary vasodilatation and redistribution of pulmonary blood flow, and c) Figure 2 . It is apparent from this plot that as diffusing capacity worsens, so does venous admixture, suggesting that both effects are related to one mechanism that alters alveolar units in such a way that they cease to function as diffusing units and act instead as shunting units. This could result from obliteration of alveolar spaces, or marked thickening of the alveolar-capillary membrane (10, 24) . In this respect, there is a striking resemblance between the relationship plotted in Figure 2 and that calculated by Finley, Swenson, and Comroe (10) for the change in diffusing capacity with increased thickness of the alveolar-capillary membrane.
In one patient (R.G.), and possibly in another (S.J.), the measured diffusing capacity for oxygen (27.6 and 15.3 ml per mmil Hg per minute, respectively), was within normal limits, but the AaD was increased. This apparent discrepancy may be related to the error in estimating diffusing capacity by this method in resting subjects with little or no impairment of diffusion (42, 43) . It is also possible that when relatively few alveolar units have become functionless, the increase in venous adlmixture would be apparent before any reduction in the overall diffusing capacity could be detected. The effect of unequal distribution of diffusion impairment on the AaD has been discussed by Piiper (44) and by Piiper, Haab, and Rahn (45) .
The data reported here indicate that an increase in the shunt component of the AaD is a common finding in patients with diffuse alveolar-capillary disease. These patients have also been shown to have grossly uneven distribution of ventilation in relation to blood flow (10) . Since these two mechanisms contribute more importantly to the altered gas exchange than the reduction in pulmonary diffusing capacity itself, one might question the applicability of the term "alveolar-capillary block" (46) in these cases. A pure form of diffusion limitation can be seen, however, during exercise at high altitude (47) . Increased venouis admnixtutre in obesity. The findings of an increased venous admixture that persisted to a large extent during oxygen breathing and decreased with deep inspiration are in keeping with the opinion, previously presented (27) , that atelectasis is a major cause of hypoxemia in obesity. The data, however, do not rule out other mechanisms of venous admixture on oxygen.
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